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Organic matter cycling in an aquaculture areaOrganic matter cycling in an aquaculture area



The object of this study is to elucidate The object of this study is to elucidate 
how microbial communities are how microbial communities are 

affected by aquacultureaffected by aquaculture

Microbial parameters examinedMicrobial parameters examined
◆◆ Abundance and production rateAbundance and production rate
◆◆ Organic matter degrading activityOrganic matter degrading activity
◆◆ Community structureCommunity structure



A R

Study SiteStudy Site

AquacultureAquaculture
area; area; StnAStnA

ReferenceReference
area; area; StnRStnR

A

mean mean P
Dissolved Organic Carbon(µM) 85 ( 51 - 161 ) 76 ( 51 - 116 ) 0.0002
Dissolved Organic Nitrogen(µM) 8.6 ( 3.9 - 23 ) 7.8 ( 4.7 - 10 ) 0.0245
Particulate Organic Carbon(µM) 8 ( 7.5 - 117 ) 7.8 ( 6.3 - 101 ) 0.907
Particulate Organic Nitrogen(µM) 1.1 ( 0.86 - 17.6 ) 1 ( 0.7 - 14.3 ) 0.361
Chlorophyll a ( µg L-1) 4.7 ( 0.2 - 45 ) 3.7 ( 0.1 - 26 ) 0.09

Stn A Stn R
range range



AbundanceAbundance
Stn A Stn A

Stn R Stn R

Production rateProduction rate

Mean Mean Stn Stn A; 2.4A; 2.4
Stn R; 1.8Stn R; 1.8

(x10(x1099 cells Lcells L--11))

Mean Mean Stn Stn A; 85A; 85
Stn Stn R; 23R; 23
((pmol TdR pmol TdR LL--11 hh--11))



Bacterial production per unit areaBacterial production per unit area

Stn Stn A / A / Stn Stn R = 3.5R = 3.5



Stn A DOC DON POC PON Chla Temp Sal

Bacterial Abundance 0.56 0.56 0.77 0.73 0.57 0.61 -0.48

Bacterial Production 0.44 0.55 0.53 0.40 0.46 -0.77

Stn R DOC DON POC PON Chla Temp Sal

Bacterial Abundance 0.59 0.42 0.44

Bacterial Production 0.36 0.40 0.46 0.50 0.46 0.37

Correlation coefficients  between bacterial Correlation coefficients  between bacterial 
and environmental parameters (p<0.05)and environmental parameters (p<0.05)

Input of organic matter from the fish Input of organic matter from the fish 
farms to the surrounding waters might farms to the surrounding waters might 
promote microbial activitypromote microbial activity





Microbial organic matter degradationMicrobial organic matter degradation

Hydrolytic enzyme activity in seawaterHydrolytic enzyme activity in seawater

◆◆ ββ--DD-- glucosidase;glucosidase;
ββ--linked polysaccharide degradationlinked polysaccharide degradation

◆◆ Leucine aminopeptidaseLeucine aminopeptidase; ; 
Protein degradationProtein degradation



Microbial hydrolytic enzyme activityMicrobial hydrolytic enzyme activity

A/R=2 A/R=5

ββ--DD-- glucosidaseglucosidaseLeucine aminopeptidaseLeucine aminopeptidase
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Ratio of Ratio of ββ--GlcGlc toto LAP LAP activityactivity

Aquaculture activity have stronger stimulatory Aquaculture activity have stronger stimulatory 
effect on effect on ββ--glucosidaseglucosidase activity than on activity than on leucineleucine
aminopeptidaseaminopeptidase activity activity 



Correlation coefficients  between bacterial and Correlation coefficients  between bacterial and 
environmental parameters (p<0.05)environmental parameters (p<0.05)

Stn A DOC DON POC PON Chla Temp Sal
LAP 0.49 0.87 0.86 0.83 0.57 -0.58
β-GLC 0.37 0.63 0.62 0.59 -0.54

Stn R DOC DON POC PON Chla Temp Sal
LAP 0.39 0.66 0.67 0.64 0.54 -0.55
β-GLC 0.44 0.73 0.70 0.69 0.54 -0.53

Particle associated bacterial community Particle associated bacterial community 
related to the high activity related to the high activity 



How to examine the bacterial community structureHow to examine the bacterial community structure





FreeFree--living bacterial community structureliving bacterial community structure





ParticleParticle--associated bacterialassociated bacterial
community structurecommunity structure
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Production Production 
Stn Stn A / A / Stn Stn R=R=

3 

Closest identified Closest identified 
bacteria of specific bacteria of specific 
DGGE bands3 DGGE bands

LAP (LAP (ProteolyticProteolytic))
activityactivity

Stn Stn A / A / Stn Stn R=R=
2 2 

(Strong correlation(Strong correlation
with POM)with POM)

ββ--Glc Glc ((GlycolyticGlycolytic))
activityactivity

Stn Stn A / A / Stn Stn R=R=
5 5 

ParticleParticle--associatedassociated
CommunityCommunity

20% of abundance20% of abundance
60% of LAP act.    60% of LAP act.    

FreeFree--livingliving
CommunityCommunity

80% of abundance80% of abundance
70% of 70% of ββ--Glc Glc act.

PseudomonasPseudomonas sp.sp.
(Apr ~ Nov)(Apr ~ Nov)
Pelagibacter Pelagibacter sp.sp.
(Jun ~ Oct )(Jun ~ Oct )
BacteroidesBacteroides sp.sp.
(Aug)(Aug)

act.

CytophagaCytophaga sp. sp. 
Bacteroides uniformisBacteroides uniformis
Pseudomonas Pseudomonas stutzeristutzeri
(Jul, Sep)(Jul, Sep)



SummarySummary
The microbial activities were promoted in the aquaculture area The microbial activities were promoted in the aquaculture area 
◆◆ The stimulated bacterial secondary production was The stimulated bacterial secondary production was 

equivalent to the organic matter loads from fish farmingequivalent to the organic matter loads from fish farming
◆◆ Microbial polyMicrobial poly--hydrocarbon degrading activity was hydrocarbon degrading activity was 

promoted more than protein degrading activity.promoted more than protein degrading activity.

The microbialThe microbial community structure study has shown thatcommunity structure study has shown that
◆◆ Some specific bacterial species were observed at high Some specific bacterial species were observed at high 

activity season activity season in the aquaculture area. in the aquaculture area. 
◆◆ ParticleParticle--associated bacterial community had highassociated bacterial community had high

proteolyticproteolytic activity, and some CFBactivity, and some CFB--group bacteria probably group bacteria probably 
related to the high activity in summer. related to the high activity in summer. 
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